INTRODUCTION
Gastrointestinal (GI) bleeding represents a major challenge for the GI endoscopist both in term of frequency, which is estimated to be 150/100000 for upper and 33/100000 for lower GI bleeding with a mortality ranging between 2 and 10% [1] [2] [3] , and in terms of technical efforts to reach a stable hemostasis. As the administration of direct oral anticoagulants [4] and the use of assistant devices in terminal cardiomyopathy [5] is increasing, sufficient and effective treatment of GI bleeding is mandatory while at the same time can be clinically challenging. In the last years, endoscopists increasingly face emergency bleeding in a clinical scenario in which coagulation parameters cannot always be corrected to normal range. Further, with increasing development of advanced endoscopic therapeutic procedures, iatrogenic bleeding after endoscopic resections represents another emerging problem [6] . Conventional treatment approaches achieve hemostasis in more than 90% of cases [7] , however, depending on the bleeding site and source can be technically challenging, and might not be optimal for diffuse oozing bleeding as frequently observed in patients with impaired coagulation or cancer bleeding.
Hemostatic powders (HP) act as "touch-free" agents that can be easily administrated for the treatment of GI bleeding, which are generally safe and well tolerated [8] [9] [10] [11] . Hemospray (HS, TC-325, Cook Medical, Bloomington, Indiana, United States) is an inert mineral based compound, which, in contact with blood, absorbs water and acts cohesively and adhesively, thereby forming a covering mechanical tamponade. By fluid absorption, HS enhances clot formation by deforming and packing erythrocytes, concentrates activated platelets with clotting factors and interacts with the fibrin matrix [12] and within 24 to 72 h, the adherent coat sloughs off into the GI lumen [10] . With his local hemostatic proprieties, first studies suggest that HS is equally effective in both patients with and without systemic antithrombotic therapy [9] . Endoclot (EC, Micro-Tech Europe, Düsseldorf, Germany) is a starch-derived agent composed of absorbable hemostatic polysaccharides. Similar to HS, in contact with blood, EC initiates a dehydration process leading to a concentration of clotting factors, platelet and erythrocytes thereby accelerating the physiological clotting cascade and the formation of a mechanical shell of gelled matrix which adheres to the bleeding tissue [13] . Although data on the efficacy of EC are still limited, first clinical evidences suggest that both HS and EC allow for effective bleeding control [8, 11, [14] [15] [16] [17] [18] [19] [20] . Further, no direct comparison of the efficacy of these two HP is available to date. Against this background we set off: (1) To analyze short and long term hemostatic effectiveness of HP; and (2) to compare the efficacy between the agents HS and EC in achieving hemostasis in a large cohort of patients treated for emergency GI bleeding in our center.
MATERIALS AND METHODS

Patients and methods
Prospective data collection was performed including patients who were treated with HS and EC for endoscopic hemostasis during emergency endoscopy between September 2013 and September 2017 in our university hospital. After application of HP patients were followed-up for at least one mo. After completion of follow-up (FU) of all patients data analysis was performed. The study was approved by the local institutional review board and the ethics committee of the Friedrich-Alexander University Erlangen Nueremberg (approval at 31 January 2018) and our study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki.
Indications for treatment with HP were: refractory GI bleeding (e.g. due to difficult anatomical location or diffuse oozing bleeding without definite source); application of HP as salvage therapy after failure of other endoscopic methods; application of HP as prophylactic means to avoid delayed bleeding in lesions with high re-bleeding risk, application of HP as primary treatment means usage of HP as monotherapy. Primary endpoints were short term (ST, hemostasis for 72 h) and long term (LT, hemostasis for a period of 30 d) success in achieving hemostasis with HP as a primary or salvage therapy.
Re-bleeding rate (RBR) was defined as the number of the patients who showed recurrent bleeding among the patients who underwent FU. Recurrent bleeding was defined if one of these criteria had been met: (1) Hematemesis or melena; (2) a drop in hemoglobin > 2 mg/dL or transfusion of 4 or more blood packs; or (3) hemodynamic instability as previously described [10, 21] . Complete Rockall Score was utilized to stratify high-risk patients. Secondary endpoint was the direct comparison of hemostatic efficiency between EC and HS.
Statistical analyses
Descriptive statistics consisted of the mean, median, SD and range. The χ2 analysis was used for discrete variables. The Fisher exact probability test was used for the 2 × 2 contingency tables, where suitable. A two-sided P < 0.05 was considered to be significant. The statistics were processed using the SPSS statistical program (SPSS Inc, Chicago, Ill, United States).
RESULTS
Clinical characteristics of the patient cohort
HP was applied a total of 239 times in 154 patients with a mean age of 67 years. The majority of the patients were male (n = 101, 66%). One child treated with HS was also included in the analysis. Clinical FU for at least one month was performed in 134 patients (87%) with a mean FU of 3.2 SD 5.5 mo (range . No patient was lost during FU; however, in 20 patients FU was not completed as they died from other causes than GI bleeding within 30 d after the first HP application. The mean complete Rockall score [22] in the total patient cohort was 7.1 with 61 (40%) patients exhibiting a Rockall score > 7 and 27 patients (18%) with a Rockall score > 8.
Therapeutic anticoagulation was present in 45 patients (29%). Of these, 17 (11%) received heparin, low molecular weight heparin or argatroban in therapeutic dosages while 17 patients (11%) and 11 patients (7%) were taking vitamin K antagonist and direct oral anticoagulants, respectively. Antiplatelet drugs were administered in 34 (22%), 8 patients received dual antiplatelet therapy (5.2%). Among co-morbidities, 20 patients had localized (13%) and 21 patients metastasized cancer (14%) while 6 patients suffered from malignant lymphoproliferative disease (4%). 40 patients (26%) suffered from liver cirrhosis and 74 patients (48%) exhibited renal insufficiency, of which 35 patients (23%) had terminal kidney failure requiring hemodialysis. 13 patients had coronary heart disease (8%). 53 patients (35%) presented with hemorrhagic shock at the time of application of HP. Vasopressors were administered in 65 patients (42%). Clinical characteristics of the total patient cohort are summarized in Table 1 .
Overall Efficacy of HP in the management of GI bleeding
In patient cohort, HP exhibited an overall ST and LT success for achieving hemostasis of 82% and 69% with a RBR of 21% when applied as primary therapy. As salvage therapy, overall ST success, LT success and RBR rate were 83%, 68% and 29%, respectively. In the cohort, no significant difference was observed for achieving hemostasis between HS and EC under primary or salvage therapy ( interventional radiology for bleeding control after failure of HPs.
Efficacy of HP in the management of upper GI bleeding
The majority of patients exhibited upper GI bleeding (n = 137, 89%). Of these, 91 patients (66%) presented with Forrest Ib bleeding while 15 patients (11%) exhibited a Forrest Ia bleeding source. Further, 4 patients (3%) had Forrest III lesions. Clinical characteristics of the patients with upper GI bleeding are shown in Table 2 . Overall, ST success of HP within the upper GI tract was achieved in 113 patients (82.5%) with LT success maintained in 71 patients (66%) and an overall RBR of 25%. HP as salvage therapy was applied in 65 patients (47%) with upper GI bleeding. The ST and LT success of HP as primary and salvage therapy is shown in Table 2 . Within the upper GI Tract, bleeding was derived from the following sources: peptic ulcer disease (n = 49, gastric ulcer: n = 12; duodenal ulcer: n = 37), malignant tumor (n = 15), esophagogastric varices (n = 13), reflux esophagitis (n = 12), angiodysplasias or angioectasias (n = 8), Mallory Weiss lesions (n = 5) and diffuse oozing bleeding and erosions (n = 21). We then performed subgroup analyses on the efficacy of HP according to the bleeding location (Table 3 ). In peptic ulcer disease (Figures 1 and 2) , HP achieved hemostasis with a ST and LT success of 80% and 57% and a RBR of 34%. When applied as a primary therapy in peptic ulcer disease, ST and LT success and RBR were 79%, 67% and 21%, respectively; when applied as a salvage therapy ST and LT were comparable (81% and 67%); however RBR was considerably higher under salvage therapy (46%). A total of 15 patients suffered from diffuse cancer bleeding, here ST and LT success were 81% and 85%, re-bleeding occurring in only 1 patient. For variceal bleeding, overall ST success was achieved in 91%. In oesophageal bleeding HP was used as salvage therapy in 8 patients. LT success was achieved in 3/4 (75%) patients. Re-bleeding was present in 2/7 (28.5%). In 3 patients with fundic varices bleeding, 1 LT success was achieved after applying HP as salvage therapy (33.3%). HP as a primary therapy in fundic varices bleeding is in our experience not suitable to achieve a stable hemostasis alone. In patients under therapeutic anticoagulation ST and LT success of HP were 81% and 58%, re-bleeding in 33% of patients. Regardless of whether they were applied as primary or salvage therapy or in which bleeding location, no significant differences for achieving ST or LT hemostasis and recurrence of bleeding were detected between HS and EC.
Efficacy of HP in the management of lower GI bleeding
HP was applied in 17 patients with lower GI bleeding (Table 4 ). Among these, 9 patients were treated with HS, 7 patients with EC while in 1 patient with lower GI bleeding, both HS and EC were applied. Overall ST and LT success was 71% (12/17) and 59% (9/13), respectively with a RBR of 41%. Clinical characteristics of patients with lower GI bleeding are shown in Table 4 .
DISCUSSION
Herein we report on our experience in the treatment of GI bleeding both with HS and EC in a single tertiary university care center. To the best of our knowledge our work is the first to directly compare two different HP for the treatment of GI bleeding in the upper and lower GI tract. Our study confirms the findings of other investigators where an excellent immediate control of the bleeding source was achieved with HP [8, 11, 18, 19, 21] . HP exhibited an overall short-term success of 82% in our study. With this, ST success was higher in our cohort compared to a previous report on a smaller cohort by Chen and colleagues [8] , although this study analyzed of success rates of HS only.
According to the literature, hemostatic success of HP within 7 to 8 d range between 51% and 87.5% [14, 15, 19] . Within this study, we performed FU for at least one month in the vast majority of patients (87%) and long-term success dropped to 67% in our study. Hence, these data are consistent with results from GRAPHE registry in which LT success rates of 66% were reported [19] . A graphic illustration (Figure 3 ) of the mean incidence of re-bleeding after application of HP according our and past studies [8] [9] [10] [11] [14] [15] [16] 18, 19, 22] shows that RBR increase over time after HP application across studies and with this, although allowing for excellent immediate bleeding control, HP appears to be not suitable as a definitive long-term hemostasis tool in patients with a high-risk profile of bleeding recurrence. On the other hand, the benefit of HP is the high immediate hemostasis rate and that can be administered more than once without risk of "overdosing" or induction of bleeding due to mechanical irritation.
When performing subgroup analyses according to bleeding etiology, overall ST and LT success in peptic ulcer disease was 81% and 68% with a RBR of 19%. With this, our results are consistent to those reported in the literature [11, 13, 14, 17, 18, 23] , with immediate hemostasis ranging between 78 and 96% and RBR between 10.5 and 38%. However, when analyzing peptic ulcer disease with Forrest Ia bleeding in our study, ST and LT success were only 67% and 33% respectively. Together with results from other studies that have reported a re-bleeding risk of Forrest Ia lesions under HP between 67% and 73% [10, 11, 13, 14, 17, 18, 24] , our data show that HP are not effective as a first-line therapy in Forrest Ia peptic ulcer bleeding. Nevertheless, HP but might still be useful in this scenario as a bridging or rescue strategy until an alternative therapy as another endoscopic procedure, a radiological embolization or surgical therapy can be performed.
HP have also been reported to be effective as rescue therapy for variceal bleeding when band ligation fails [25] and also in gastric varices and gastric bleeding derived from portal hypertension [23] . Within our study, we observed an overall ST success of 85% and LT success of 56%. It is important to note that in the majority of applications for variceal bleeding, the bleeding was serious with 70% of patients presenting with hemorrhagic shock. Against this background, the overall ST success can be regarded as high, and thus HP might represent a promising addition to arsenal of the endoscopist for severe and refractory variceal bleeding.
Due to their touch-free application and large coverage, HP are also well suited for the treatment of tumor bleeding. As shown in our study, HP provide immediate hemostatic efficacy of 95%, a short-term success of 83% and a long-term success 87% in patients with diffuse tumor bleeding. With this, our results are comparable to previous studies, in which immediate efficacy of HP and RBR ranged between 93%-100% and 20%-32%, respectively [10, 14, 18, 21, 26] . Since tumor bleeding is frequently diffuse and exhibits a large bleeding area, high RBR ranging up to 49% have been reported with conventional hemostatic approaches [24, 27] . Together, with data from the largest multicenter retrospective study, in which an immediate hemostasis of HP for tumor bleeding was achieved in almost 98% of patients, our data show that HP are allow for effective control of tumor bleeding.
To date, no direct comparison between HS and EC is available. When looking across studies rates for achieving primary hemostasis in the upper GI tract with EC and HS have been reported to range between 82%-100% [13, 16] and 85%-98% [8, 9, 11, 14, 15, 18, 19, 21] , respectively. Our study is the first to directly compare the efficacy of HS and EC and no significant different in their hemostatic efficacy and RBR were observed between these two agents. Nevertheless some technical differences between the two HP should be noted: first HS is sprayed at high pressure with a propellant CO 2 cartridge. Such feature might be an advantage in cases of high pressure bleeding or scenarios where a large surface needs to be covered. On the other hand, high-pressure application can potentially cause further tissue injury to the point of perforation especially in friable or inflamed mucosa. Indeed, in two of the patients treated with HS (1.3%), perforation occurred as major adverse events after application of HS in the current study. Occurrence of intestinal perforation after HS application have been reported in other series as well [15, 18] , therefore some caution of using HS might be necessary. In contrast, with EC the pressure of spraying is much lower, allowing a more sectorial area of targeting, making EC more suitable for localized bleeding lesions like a peptic ulcers or a surface after resection. On the other hand, the area that can be covered with EC might be lower with EC as compared to HS and also high pressure bleeding might be less controlled. However, more systematic studies are clearly needed to investigate on these aspects.
For lower GI bleeding ST and LT success of HP were 75% and 56.3% with a RBR of 37.5%. Data on the role of HP for lower GI bleeding are relatively scarce to date and long-term FU data are completely lacking. In the largest series of low GI bleeding treated with EC, hemostasis was achieved in 83% of the cases with a RBR of 11% [16] . Although limited by the number of patients included in the study, our results do support the concept that HP represent valuable therapeutic options for lower GI bleeding when conventional hemostatic approaches fail.
Limitations of the current study also need to be addressed. Although our study included a large number of patients, its setting in a single high volume university centre might have led to a certain bias in terms of patients characteristics. As shown by the clinical data, a large percentage exhibited a variety of severe co-morbidities and therefore most likely do not represent an average cohort. Further, we did not utilize a randomized study protocol and the decision to apply HS or EC was at the discretion of the endoscopist and therefore subjective.
In conclusion, our study demonstrates that both HPs HS and EC allow for bleeding control with high short-term efficacy when used as primary or salvage therapy. Further, both EC and HS exhibit high efficacy for achieving hemostasis in impaired coagulation status or friable tissues. With these properties, HPs represent powerful and effective additions to the armentarium of the endoscopist for treatment of GI bleeding. [8] [9] [10] [11] [14] [15] [16] 18, 19, 21, 26] .
ARTICLE HIGHLIGHTS
Research background
Gastrointestinal (GI) bleeding frequently leads to hospital admission and is associated with relevant morbidity and mortality, particularly in the elderly. Due to the increasing administration of direct oral anticoagulants in the last years and the emerging role of antiplatelet agents, sufficient and effective treatment of GI bleeding is mandatory while at the same time can be clinically challenging. In the last years, endoscopists increasingly face emergency bleeding in a clinical scenario in which coagulation parameters cannot always be corrected to normal range. Further, with increasing development of advanced endoscopic therapeutic procedures, iatrogenic bleeding after endoscopic resections represents another emerging problem. For refractory cases, hemostatic powders (HP) represent "touch-free" agents.
Research motivation
Although data on the efficacy of Endoclot (EC) are still limited, first clinical evidences suggest that both Hemospray (HS) and EC allow for effective bleeding control. Further, no direct comparison of the efficacy of these two HP is available to date.
Research objectives
Against this background we set off: (1) To analyze the short and long term success in achieving hemostasis with HP; and (2) to directly compare the two agents HS and EC in their efficacy for achieving hemostasis in a large cohort of patients treated for emergency GI bleeding in our center.
Research methods
Data were prospectively collected on patients who were treated with HS and EC for endoscopic hemostasis during emergency endoscopy between September 2013 and September 2017 in our center. Patients were followed-up for at least one month after index endoscopy and data analysis was performed after follow-up was completed 
Research results
HP was applied in 154 consecutive patients (mean age 67 years) with GI bleeding in our center. Patients were followed up for at least 1 month (mean follow up: 3.2 mo). The majority of HP applications were in the upper GI tract (89%) with the following bleeding sources: Peptic ulcer disease (35%), esophageal varices (7%), tumor bleeding (11.7%), reflux esophagitis (8.7%), diffuse oozing bleeding and erosions (15.3%). Overall short term (ST) success with HP was achieved in 125 patients (81%) and long term (LT) success in 81 patients (67%). Re-bleeding occurred in 27% of all patients treated with HP. In 72 patients (47%), HP was applied as a salvage hemostatic therapy, here ST and LT success were 81% and 64%, respectively, with re-bleeding in 32% of patients. As a primary hemostatic therapy, ST and LT success were 82% and 69%, respectively, with re-bleeding occurring in 22%. Subgroup analysis showed a ST and LT efficacy for cancer bleeding of 83% and 87%, for peptic ulcer disease of 81% and 56% and in patients under therapeutic anticoagulation of 80% and 60.5%. There was no statistical difference in the ST or LT efficacy between EC and HS for the various indications; however, HS was more frequently applied for upper GI bleeding (P = 0.04)
Research conclusions
Within this study, we retrospectively analyzed the hemostatic efficacy of HPs HS and EC as first line or salvage therapy in several clinical scenarios in a large cohort of prospectively included patients. As shown in our report, both HPs allow for excellent ST bleeding control when applied as primary or salvage therapy. At the same time, LT efficacy over a period of 4 weeks is maintained in a considerable amount of patients.
